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ABSTRACT 
Td-WTe2 is a topological Weyl semimetal. WTe2 in the orthorhombic structure is stable at 
room temperature. Elastic, electronic, bonding, and optoelectronic properties of WTe2 have 
been investigated in detail in this work using the density functional theory. Elastic behaviour 
together with anisotropy indices of WTe2 have been investigated for the first time. Bonding 
nature among the constituent atoms and electric field polarization dependent optical constants 
have also been explored for the first time. WTe2 is elastically anisotropic; optical anisotropy 
on the other hand is low. The electronic band structure reveals quasi-linear dispersions along 
certain direction in the Brillouin zone with semi-metallic features. The Fermi level is located 
at a pseudogap separating bonding and anti-bonding density of states. The electronic effective 
mass tensor is predicted to be highly direction dependent. The energy dispersion is 
significantly weaker in the c-direction. The bonding in WTe2 is an admixture of covalent and 
metallic bonds. Optoelectronic properties show strongly reflecting character over a wide band 
of photon energies. The compound is a strong absorber of ultraviolet radiation. The Debye 
temperature has been calculated from the elastic constants. We have compared all the 
calculated physical properties of WTe2 with those of isostructural MoTe2 Weyl semimetals. 
The properties of WTe2 and MoTe2 have been compared and contrasted. The calculated 
parameters of WTe2 have also been compared with those already available in the literature. 
Very good agreements have been found. 
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I. Introduction 
Hermann Weyl, in 1929, first suggested the existence of massless chiral fermions, 
known as the Weyl fermions  [1]. These fermions are observed as low-energy quasiparticle 
excitations in Weyl semimetal (WSM)  [2,3]. WSMs are identified by Fermi arc surface state 
at boundary by experimental techniques like angle resolved photoemission spectroscopy 
(ARPES). WTe2 was predicted to be the first type-II WSM in 2015  [4]. They violate Lorentz 
invariance and have highly tilted Weyl cones on the Fermi surface. WTe2 in its orthorhombic 
phase is a new generation of topological insulator holding many application related 
possibilities  [5]. 
Electronic and crystallographic properties have long been studied in WTe2  [6,7]. 
Moreover, since the theoretical prediction of type-II Weyl semi-metallic phase by Soluyanov 
et al.  [4], there has been a flurry of research interest on this material. Fermi arcs were 
observed experimentally by different groups  [8–12]. Pressure induced superconductivity and 
its origin in WTe2 were also studied  [13–15]. Then it has been reported that this pressure 
induced superconductivity is nearly isotropic  [16]. Observation of extremely large, 
nonsaturating magnetoresistance by Ali et al.  [17] is another reason of attracting interest in 
this compound. Quantum oscillation studies, NMR investigation and very recently mode-
resolved reciprocal space mapping have been performed for WTe2 WSM  [18–20]. 
In our previous study, a comprehensive investigation of elastic and optical properties 
of orthorhombic MoTe2 was done using DFT (density functional theory)  [21]. We found that 
MoTe2 has excellent reflecting characteristics with high level of machinability. MoTe2 and 
WTe2 are isostructural compounds, both belonging to the TMD (Transition-metal 
dichalcogenide) class. TMDs have the chemical formula MX2, where M is a transition metal 
(Mo, W, etc.) and X is a chalcogenide atom (S, Se, and Te). Td-MoTe2 in its orthorhombic 
low temperature phase is a well-established type-II Weyl semimetal  [22–24]. For WTe2, the 
orthorhombic phase having Weyl state is stable at room temperature  [25]. Moreover, the 
topological strength can be tuned in WTe2 by doping with Mo  [26]. Since we obtained some 
quality results for MoTe2, we expected the same with WTe2 for this comparative study. 
Importance of comparative study is hard to overstate. The similarities and the differences 
between MoTe2 and WTe2 arise due to the difference in the electronic configurations between 
Mo and W. Besides, how these two transition metals forms bonds with Te (a chalcogen) and 
among themselves determine the structural properties of MoTe2 and WTe2. Understanding of 
these aspects is instructive. 
To the best of our knowledge, the elastic properties of bulk WTe2 have not been 
investigated in any detail. Some optical properties of WTe2 have been studied 
experimentally  [27,28]. But their main focus was on temperature dependency and so the 
energy range was short. A thorough understanding of bulk properties i.e., elastic and optical 
properties are required to explore the possible applications of a material. In this work we have 
investigated the elastic and optical properties of semi-metallic WTe2, complemented with the 
electronic band structure and energy density of states. In addition, we have compared these 
results with that of MoTe2 from our earlier work  [21]. Here we report the relative softness 
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and higher optical reflectivity of WTe2. Furthermore, anisotropic features are stronger in 
WTe2. The comparative analysis of various other physical properties was carried out. 
The rest of this work is organized as follows: In Section II, we shortly discussed the 
computational methodology and crystal structure. The results of our computations and their 
analyses are presented in Section III. Here we explored the structural and elastic properties, 
Debye temperature, electronic band structure, charge density distribution, bond population 
analysis and optical properties in different subsections. Finally, in Section IV, we 
summarized the key features of our investigations and drew some pertinent conclusions. 
 
II. Computational methodology and crystal structure 
All the calculations presented in this work are performed using the DFT as 
implemented by the CAmbridge Serial Total Energy Package (CASTEP)  [29]. The strength 
of DFT lies in the fact that in this formalism no attempt is made to compute the complex 
many-body wave functions. Instead the total energy of the system is expressed simply in 
terms of the electron density. This throws out the complexity of multi-dimensional electronic 
wave functions from the problem and brings density, a much simpler scalar to the forefront. 
Within DFT the ground state of a periodic solid is found by solving the Kohn-Sham 
equation  [30]. Local density approximation (LDA) are used as the exchange-correlation 
functional  [31] since it gives the best estimates to the lattice parameters for WTe2. 
Vanderbilt-type ultra-soft pseudopotentials are utilized to take into account the interactions 
between the electrons and ions  [32]. Density mixing electronic minimiser is used for the self-
consistent calculations and Broyden Fletcher Goldfarb Shanno (BFGS) geometry 
optimization  [33] algorithm is employed to optimize the crystal structure of WTe2. To 
perform pseudo atomic calculations, the following valence electronic orbitals are used for W 
and Te atoms, respectively: W [5s2 5p6 5d4 6s2], Te [5s2 5p4]. k-point sampling within the 
reciprocal space (Brillouin zone) has been done with 7x5x3 regular mesh in the Monkhorst-
pack grid scheme  [34]. The cut-off energy for plane wave basis set has been set to 350 eV. 
This ensures satisfactory level of convergence of the energy during cell volume calculations. 
Geometry optimization has been performed using a self-consistent convergence limit of 10-6 
eV atom-1 for the energy, 0.03 eV Å-1 for the maximum force, 0.05 GPa for maximum stress, 
and 10-3 Å for maximum atomic displacement. 
At this point, we would like to mention that the surface electronic states carry the 
main topological features of WSMs and topological insulators. These novel surface electronic 
structures have their origin in the spin-orbit coupling (SOC). In this study we have not taken 
SOC into consideration. This is because our focus has been the bulk physical properties of 
WTe2. In a number of prior investigations  [35–40], we have demonstrated clearly that the 
bulk structural, elastic, bonding, optical, and thermo-physical properties of compounds 
belonging to different classes including topological semimetals and topological insulators, do 
not depend strongly on the SOC. 
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FIG. 1. Crystal structure of Td-WTe2. The blue spheres represent W atoms and the brown 
spheres represent Te atoms. 
The crystal structure of WTe2 is shown schematically in Fig. 1. Bulk WTe2 
crystallizes into the orthorhombic Td phase with Pmn21 (No. 31) space group. Atomic 
positions and lattice parameters of the crystal are fully optimized starting from the 
experimental data by Mar et al.  [7]. The structure of WTe2 is almost identical with Td-
MoTe2. Both compounds have 4 W/Mo atoms and 8 Te atoms such that four formula units 
are incorporated in the unit cell. A slightly distorted octahedron is formed because of the 
displacement of W/Mo atoms from their ideal octahedral sites  [5]. 
TABLE I: The structural parameters for MTe2 (M = Mo or W) obtained from the LDA 
calculations. The lattice parameters a, b, and c are in Å and the unit cell volume (V) is in Å3. 
 
The optimized structural parameters are listed in Table I together with some 
previously reported values. It can be seen that the calculated parameters agree well with the 
corresponding experimental values. Application of GGA (generalized gradient 
approximation) excessively overestimated the cell volume. The data by Mar et al.  [7] was 
obtained at the lowest temperature. Our theoretically optimized geometry corresponds to the 
ground state (0 K). Also the use of LDA contracted the lattice due to localised nature of the 
trial wave functions. So our obtained values are slightly smaller than the experimental ones. 
The cell volume for MoTe2 is somewhat lower than that of WTe2. The ionic radii of Mo and 
 a B c V 
WTe2 3.464 6.209 13.750 295.74 
Experimental  [7] 3.477 6.249 14.018 304.60 
Theoretical  [6] 3.496 6.282 14.070 309.00 
MoTe2  [21] 3.458 6.297 13.294 289.48 
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W are quite similar; therefore, the difference in cell volume might arise due to the difference 
in the strength of atomic bonding in MoTe2 and WTe2. For completeness, all atoms occupy 
2a Wyckoff positions with fractional coordinates of W: (0, 0.602952, 0.499863), (0, 
0.042526, 0.015379); and Te: (0, 0.858725, 0.658542), (0, 0.645536, 0.111446), (0, 
0.300531, 0.856578), and (0, 0.206037, 0.403482). 
 
III. Results and analysis 
A. Elastic properties 
Elastic properties of solids relate the mechanical and dynamical behavior under stress 
and create opportunities for industrial applications. Elastic constants are calculated using the 
‘stress-strain’ method as contained in the CASTEP. Orthorhombic crystals have, by 
symmetry considerations, nine independent single crystal elastic constants in total and they 
are all given in Table II for WTe2 and MoTe2. Mechanical stability of a crystal system can be 
investigated using elastic constants  [41]. For an orthorhombic structure the modified 
necessary and sufficient Born criteria are given by  [42], 
C11 > 0; C11C22 > 𝐶ଵଶଶ  
C11C22C33 + 2C12C13C23 − C11𝐶ଶଷଶ  − C22𝐶ଵଷଶ  − C33𝐶ଵଶଶ  > 0   (1) 
C44 > 0; C55 > 0; C66 > 0 
Our calculated single crystal elastic constants satisfy these inequalities meaning that WTe2 is 
stable mechanically. 
TABLE II: The single crystal elastic constants (Cij in GPa) for MTe2 (M = Mo or W). 
ij C (WTe2) C (MoTe2  [21]) 
11 140.531 127.474 
22 173.409 142.302 
33 43.793 58.043 
44 23.903 24.273 
55 43.252 55.159 
66 61.944 62.273 
12 39.230 52.003 
13 24.519 22.590 
23 19.553 33.090 
 
The three diagonal elastic constants C11, C22, and C33 measure the capability of the 
crystal to resist tensile stress along the a, b and c axes, respectively. For WTe2, C33 is very 
small compared to C11 and C22. This indicates that the crystal is more compressible in the c-
direction than the a- and b-directions defining the basal plane, reflecting the layered feature 
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of the compound. Bonding strength in the ab-plane is therefore stronger than that extending 
in the out-of-plane. The constants C44, C55, and C66 determine the resistance of the crystal 
against shear. Small C44 indicates that WTe2 is unable to resist shear deformation in (100) 
plane. This would constitute the prominent elastic failure mode for WTe2. The off-diagonal 
shear components (C12, C13, and C23) are due to the resistance to volume conserving 
orthorhombic distortions. C23, which has the lowest value, describes a uniaxial strain along 
the crystallographic c-direction to a functional stress component along the crystallographic b-
direction. For MoTe2, C13 has the lowest value, indicating a fundamental difference in the 
directional bonding characters between WTe2 and MoTe2. 
Elastic moduli for polycrystalline aggregates can be calculated from single crystal 
elastic constants  [43]. In Table III, the calculated polycrystalline bulk modulus (B), shear 
modulus (G), Pugh’s ratio (B/G), Young’s modulus (E), Poisson’s ratio (υ), and 
machinability index (μM) for both WTe2 and MoTe2 are listed. The polycrystalline bulk and 
shear moduli are determined using the Voigt approximation and Reuss 
approximation  [44,45]. These schemes give respectively the theoretical upper and lower 
bound of the elastic moduli. The Hill’s approximation employs arithmetic mean of these two 
limits and closely represents the true polycrystalline constants  [46]. 
TABLE III: The isotropic bulk modulus (B in GPa) and shear modulus (G in GPa) for 
polycrystalline MTe2 (M = Mo or W) obtained from the single crystal elastic constants using 
Voigt, Reuss and Hill’s approximations. The Pugh ratio (B/G), Young’s modulus (E in GPa), 
Poisson’s ratio (υ), and the machinability index (μM) are calculated from Hill’s 
approximation. 
Compound BR BV BH GR GV GH B/G E Υ μM 
WTe2 38.911 58.260 48.585 34.515 44.115 39.315 1.236 92.889 0.181 2.033 
MoTe2  [21] 48.309 60.354 54.332 35.971 43.017 39.494 1.380 95.373 0.207 2.238 
 
Compared to many other metallic binary solids  [39], the elastic moduli of WTe2 are 
small, indicating its soft nature. Since B > G, the mechanical failure in WTe2 should be 
dominated by shear component. The calculated value of B, G and E for WTe2 is slightly 
lower than MoTe2 indicating that WTe2 is less hard. This is a consequence of weaker bonding 
strength in WTe2. This weaker bonding strength is perhaps responsible for somewhat larger 
cell volume of WTe2 in comparison to MoTe2. Pugh's ratio and Poisson’s ratio can separate 
the failure mode (ductility and brittleness) of solids with critical values of 1.75 and 0.26, 
respectively  [47,48]. If the obtained value is less than the critical value then the material is 
predicted to be brittle. So both Pugh's ratio and Poisson’s ratio for WTe2 indicate that it is 
brittle in nature like its MoTe2 counterpart. The value of Poisson's ratio is around 0.10 for 
covalent compounds and for metallic bonding, this value is around 0.33. Thus WTe2 has a 
mixture of metallic and covalent bonding. Same conclusions can be drawn for MoTe2. The 
bulk modulus to C44 ratio is known as the machinability index  [49]. A high value of μM for 
WTe2 corresponds to easy machinability in the field of materials engineering. 
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TABLE IV: The bulk modulus (Brelax in GPa) and its upper bound (Bunrelax in GPa), bulk 
modulus along the orthorhombic crystallographic axes a, b, c (Ba, Bb, Bc) and α, β for MTe2 
(M = Mo or W). 
Compound Brelax Bunrelax Ba Bb Bc α β 
WTe2 38.954 58.260 353.411 347.801 50.083 1.016 7.056 
MoTe2  [21] 47.974 60.354 223.966 483.623 69.871 0.463 3.205 
 
The directional bulk moduli for a single crystal can also be calculated from the 
independent elastic constants  [43]. We have tabulated these moduli in Table IV. Brelax is the 
single crystal isotropic bulk modulus. Its value is the same as the one obtained from Reuss 
approximation. Bunrelax gives the upper bound to the bulk modulus and is exactly the same as 
the one obtained from Vogit approximation for WTe2. Bc is very small compared to Ba and 
Bb. This indicates that the bonding is weaker in c-direction which is consistent with the 
calculated elastic constants. α and β are the relative change of the b and c axis as a function of 
the deformation of the a axis. The values of α and β of WTe2 are almost double of those for 
MoTe2. Such large difference in these parameters is interesting and requires further 
investigation. 
TABLE V: The shear anisotropic factors A1, A2, A3, and AG (in %), AB (in %) and 
compressibility anisotropy factors ABa, ABc for MTe2 (M = Mo or W). 
Compound A1 A2 A3 AG AB ABa ABc 
WTe2 0.707 0.971 1.052 0.122 0.199 1.016 0.144 
MoTe2  [21] 0.692 1.645 1.503 0.089 0.111 0.463 0.145 
 
Elastic anisotropy is very common in most of the crystals in nature and the study of it 
is important, especially for systems with layered structure. The estimated elastic anisotropy 
factors for both WTe2 and MoTe2 are listed in Table V. These factors are calculated using 
previously developed formalisms for orthorhombic systems  [43,50,51]. Deviation from unity 
for Ai (i = 1, 2, 3) measures the degree of elastic anisotropy. A1 is the shear anisotropic factor 
for the {100} shear planes between the <011> and <010> directions. A2 and A3, which are 
very close to 1, are the factors for the {010} shear planes between the <101> and <001> 
directions and the {001} shear planes between the <110> and <100> directions, respectively. 
AB and AG are percentage anisotropies in compressibility and shear, respectively. These two 
indices are zero for an elastically isotropic crystal and 1 for the largest possible anisotropy. 
The levels of anisotropy are closely matching in both compressibility and shear for WTe2 as 
well as MoTe2. ABa and ABc are the compressibility anisotropies of the bulk modulus along 
the a axis and c axis with respect to the b axis. Once again we have found ABa of WTe2 to be 
significantly higher than that for MoTe2. 
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B. Debye temperature 
Debye temperature (θD) is an important lattice dynamical parameter correlated to 
many thermo-physical properties, such as specific heat, elastic constants, and melting 
temperature. θD sets the boson energy cut-off in Cooper pairing for the phonons involved in 
superconductors. The vibrational excitations arise entirely from acoustic modes at low 
temperatures. Hence, at low temperatures, specific heat measurements and calculation from 
the elastic constants give the same value of θD. In this study, we have estimated θD from the 
averaged sound velocity and crystal density (ρ) using the following equation  [52]: 
𝜃஽ =
௛
௞
[ଷ௡
ସగ
ቀேಲఘ
ெ
ቁ]ଵ ଷ⁄ 𝑣௠     (2) 
Here h is the Planck’s constant, k is the Boltzmann constant, NA is the Avogadro’s number, 𝜌 
is the density, M is the molecular weight, n is the number of atoms in the molecule, and vm is 
the mean sound velocity. The longitudinal (vl) and transverse (vt) sound velocities of 
polycrystalline WTe2 are obtained using the shear (G) and the bulk (B) modulus  [43]. All the 
calculated values for WTe2 along with MoTe2 are listed in Table VI. As can be seen from 
Eqn. 2, θD decreases with increasing molecular weight. This is the main reason why WTe2 
has smaller Debye temperature compared to MoTe2. Also, the lower the value of θD, the 
softer is the material. So WTe2 is softer than MoTe2, which is consistent with the elastic 
moduli calculations. 
TABLE VI: The density (ρ in g/cm3), longitudinal, transverse, average elastic wave velocity 
(vl, vt, vm in m/s), and the Debye temperature (θD in K) from the average elastic wave velocity 
obtained from polycrystalline elastic modulus. 
Compound ρ vl vt vm θD 
WTe2 9.863 3200.1 1996.5 2199.8 225.07 
MoTe2  [21] 8.054 3644.7 2214.4 2446.6 252.06 
 
C. Electronic band structure and electronic energy density of states 
The bulk electronic band structure along some high symmetry directions in the 
Brillouin zone (BZ) are depicted in Fig. 2 for both WTe2 and MoTe2. Fermi level, EF is set at 
0 eV. Fig. 2 shows that the valence and conduction bands barely cross EF and the overlap 
between them is very small. This indicates the semi-metallic nature of the materials. 
Relatively larger band crossing can be observed in MoTe2 which perhaps leads to better 
charge transport in this WSM. The bands running along c axis in the k-space (Γ-Z, T-Y and 
X-U) are almost non-dispersive implying that the effective masses of charge carriers are high 
in these directions. A quasi-linearly dispersive conduction band weakly crosses EF along the 
Z-T direction for both the compounds.  One major difference is noticed along the X-U 
direction in the momentum space. For MoTe2, there is a definite crossing of the Fermi level, 
whereas for WTe2, the valence and conduction bands are well separated with the conduction 
band lying ~ 0.30 eV above the Fermi level. The overall features of the band profile in this 
study are fairly analogous to those noticed in previous reports  [6,26,27]. 
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FIG. 2. The band structure of WTe2 (left) and Td-MoTe2 (right) along the high symmetry 
directions in the BZ. 
 
Fig. 3 shows the total density of states (TDOS) and the atomic orbital resolved partial 
density of states (PDOS) for WTe2 and MoTe2, as a function of energy, (E-EF). Fermi level at 
0 eV is represented by the vertical line. The pseudogap (deep valley) close the Fermi level 
indicates that the bonding is covalent with high electronic stability  [43,53]. Pseudogap 
commonly exists between the bonding peak and anti-bonding peak, which are within 2 eV 
from Fermi level for WTe2. So EF can be tuned to move across these peaks by chemical or 
mechanical means (e.g., doping or pressure). The formation of the covalent bond in WTe2 
could be due to the hybridization of the metal d and the chalcogen p orbitals since the main 
contributions in DOS come from the W-5d and Te-5p electronic orbitals. Above Fermi level, 
Te-5s and Te-5p orbitals form the conduction bands. The TDOS reaches a minimum, but 
does not go to zero near Fermi level. At EF it has a value of 3.2 states/eV-unit cell for WTe2, 
which is slightly lower than MoTe2 (4.55 states/eV-unit cell). So the carrier density of WTe2 
is expected to be lower than that of MoTe2. We predict higher level of metallic conduction in 
MoTe2 compared to WTe2. The overall resemblance in the electronic properties for WTe2 and 
MoTe2 is owing to the similarity in the electronic configurations of the two metal atoms. 
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FIG. 3. Total and partial density of states for WTe2 (left) and Td-MoTe2 (right). 
 
D. Electronic charge density distribution 
To visualize the bonding nature of the compounds, the charge density distribution in 
the (100) plane are studied. The charge density maps are illustrated in Fig. 4 for both WTe2 
and MoTe2. Blue colour indicates high electron density and red colour means low electron 
density in this particular scale. Since the electronegativity of W/Mo and Te are comparable, 
no significant pull of electron density towards any of the atoms is noticed. Slight charge 
accumulation between W and Te refers to weak covalent bonding. Most of the bonding on 
this plane appears to be non-directional (metallic). So both of these compounds possess a 
mixture of metallic and covalent bonds which agree well with the Pugh and Poisson’s ratio 
calculations presented in Section III A. 
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FIG. 4. Electronic charge density distribution map for MTe2 (a) M = W and (b) M = Mo in 
the (100) plane. 
 
E. Bond population analysis 
To get a better understanding of electron density in various bonds, Mulliken 
population analysis (MPA)  [54] and Hirshfeld population analysis (HPA)  [55] have been 
performed. The calculated atomic populations are listed in Table VII. The charge spilling is 
low, which is a good indicator of reliable results. It is realized that in WTe2, the charge 
transferred from Te to W is 0.80e according to Mulliken charge analysis; for MoTe2 it is 
comparable, 0.90e. Our obtained d orbital charges agree well with the previous work  [6]. 
The similarity in bonding character, according to MPA, of WTe2 and MoTe2 is apparent from 
Table VII. It is interesting to note that the Hirshfeld charge is very low for W, Te and Mo. 
Moreover, the signs of Hirshfeld charge are different for W (-0.06e) and Mo (0.04). This 
probably reflects the slight difference in the electronegativities of W (2.36) and Mo (2.16) in 
the Pauling scale. It is worth mentioning that MPA often overestimates the effective charge. 
TABLE VII: Charge spilling parameter (%), orbital charges (electron), atomic Mulliken 
charge (electron), and Hirshfeld charge (electron) of MTe2 (M = Mo or W). 
Compound Atoms No. of 
ions 
Charge 
spilling 
s P d Total Mulliken 
charge 
Hirshfeld 
charge 
 
WTe2 
W 4 
0.29 
2.79 7.07 4.97 14.82 -0.80 -0.06 
Te 8 1.74 3.86 0.00 5.60 0.40 0.03 
MoTe2  [21] Mo 4 
0.25 
2.65 6.97 5.28 14.91 -0.90 0.04 
Te 8 1.69 3.85 0.00 5.55 0.45 -0.02 
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Table VIII shows the bond population along with the bond lengths for WTe2 and 
MoTe2 in distorted octahedral coordination. No noteworthy interaction between the atoms 
should be observed since most of the overlap populations are close to zero. This is why these 
compounds are relatively soft. The positive values of the overlap population for the nearest 
neighbours indicate that they are bonded and negative values mean anti-bonded. Our 
calculated values of the bond lengths suggest that the strengths between M-M and M-Te are 
quite close and comparable. The metal-metal bond length is slightly greater for both 
compounds. The bond lengths we calculated show excellent agreement with the earlier work 
by Dawson et al.  [6]. 
TABLE VIII: Calculated bond overlap populations and bond lengths (Å) for MTe2 (M = Mo 
or W) WSMs. 
Bond Bond 
number 
Population 
(WTe2) 
Population 
(MoTe2  [21]) 
Length 
(WTe2) 
Length (WTe2  [6]) Length 
(MoTe2  [21]) 
M-M 2 0.45 0.06 2.81 2.86 2.86 
M-Te 2 0.34 -0.06 2.69 2.71 2.68 
M-Te 2 0.34 -0.71 2.69 2.71 2.68 
M-Te 2 -0.43 -0.07 2.70 2.71 2.69 
M-Te 2 -0.44 -0.59 2.71 2.72 2.69 
M-Te 2 -0.03 -0.14 2.78 2.81 2.76 
M-Te 2 0.09 -0.07 2.78 2.81 2.77 
M-Te 2 -0.49 -0.67 2.80 2.81 2.79 
M-Te 2 -0.58 -0.87 2.80 2.82 2.79 
 
F. Optical properties 
To investigate how the compound under investigation interacts with light, optical 
properties are studied. Optical parameters can be obtained by considering the photon induced 
electronic transitions. For the present study, a plasma frequency of 10 eV, 0.05 eV of 
damping in the Drude term and a Gaussian smearing of 0.5 eV are used. The imaginary part 
of the complex dielectric function, ε2(ω), is obtained from the transitions between occupied 
and unoccupied electronic energy states, weighted by the corresponding matrix elements. 
This approach is provided by CASTEP supported formula, expressed as: 
𝜀ଶ(𝜔) =
ଶ௘మగ
ஐఌబ
∑ |⟨𝜓௞௖ |𝑢ො. ?⃗?|𝜓௞௩⟩|ଶ௞,௩,௖ 𝛿(𝐸௞௖ − 𝐸௞௩ − 𝐸)   (3) 
Here Ω is the volume of the unit cell, ω is the frequency of the incident photon, e is electronic 
charge, 𝜓௞௖  and 𝜓௞௩ are the quantum states of electrons in the conduction and valence bands, 
respectively, with a momentum given by (h/2π)k. Conservation of energy and momentum 
during the transition is ensured by the delta function. The real and imaginary parts of the 
dielectric constant describe a causal response and are linked by Kramers-Kronig transform. 
So this transformation is implemented in CASTEP to obtain the real part, ε1(ω) of the 
dielectric function from the corresponding imaginary part, ε2(ω). All the other optical 
parameters can be calculated from these two parts of the complex dielectric function  [56]. 
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Figs. 5 and Figs. 6 show the real and the imaginary parts of the dielectric constants, 
ε1(ω) and ε2(ω), real part of refractive index n(ω), extinction coefficient k(ω), real and 
imaginary parts of the optical conductivity σ1(ω) and σ2(ω), reflectivity R(ω), the absorption 
coefficient α(ω), and the loss function L(ω) for WTe2 and MoTe2, respectively. All the 
energy dependent optical parameters are estimated for incident photon energies up to 20 eV. 
Electric field polarization vectors are taken along [100], [010] and [001] directions for both 
compounds. 
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FIG. 5. The frequency dependent (a) dielectric function (real & imaginary parts), (b) 
refractive index (real & imaginary parts), (c) optical conductivity (real & imaginary parts), 
(d) reflectivity, (e) absorption coefficient, and (f) loss function of WTe2 for different electric 
field polarization directions. 
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Optical response of the crystal can be described by the dielectric function at different 
photon energies. It can be seen from Fig. 5(a) that ε1(ω), for all polarization directions, 
becomes zero from below at around 16 eV. ε2(ω) also flattens to zero at and after this incident 
energy. For WTe2, 16 eV is the plasma frequency above which the material becomes 
transparent and optical character becomes insulator-like. A broad peak at around 4 eV is seen 
for both real and imaginary parts. This could be owing to the electronic transitions between 
the bonding and the anti-bonding peak seen in the TDOS spectra [Fig. 3]. The real part of the 
refractive index is high in the visible region [see Fig. 5(b)]. The material under study is not 
transparent and therefore, the refractive index is not purely real. The imaginary part of the 
refractive index, also known as the extinction coefficient, is related with the absorption 
coefficient. At plasma edge, the real part becomes nonzero and the imaginary part falls to 
zero. Optical conductivities are nonzero at zero incident energy as can be seen from Fig. 5(c). 
This is an indication of the metallic nature of WTe2 which is entirely in accord to the 
electronic band structure and DOS calculations. 
The reflectivity spectra shown in Fig. 5(d) do not go below 50% and then fall sharply 
at 16 eV, the plasma edge. This means that WTe2 can be used in the fabrication of 
optoelectronic devices where wide band high reflectivity is required. Reflectivity is almost 
100% in the infrared region which was also found by experimental studies  [27,28]. R(ω) is 
minimum near 3 eV where n(ω) is maximum. A finite value of α(ω) in Fig. 5(e) at 0 eV is 
again indicating that WTe2 is metallic in nature. The absorption peak is in the ultraviolet 
region meaning that the material can be a good UV ray absorber. After the plasma frequency, 
α(ω) is zero as expected. The loss function, depicted in Fig. 5(f), describes the energy lost by 
an electron passing through the material. The loss peak, found at 16 eV, is due to the plasma 
resonance  [57]. 
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FIG. 6. The frequency dependent (a) dielectric function (real & imaginary parts), (b) 
refractive index (real & imaginary parts), (c) optical conductivity (real & imaginary parts), 
(d) reflectivity, (e) absorption coefficient, and (f) loss function of MoTe2 for different electric 
field polarization directions. 
 
Figs. 6 depict different optical parameters for MoTe2. It can be seen that apart from 
optical anisotropy, other features are almost identical to WTe2. Anisotropic feature is stronger 
in WTe2 when the electric field is along c-direction. For both materials the refractive index 
and the reflectivity is high in the visible region. The plasma frequency is around 16 eV as 
well. Though for WTe2 the height of loss peak is lower compared to MoTe2. However, both 
WTe2 and MoTe2  [21] are good candidates for optoelectronic device applications. 
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IV. Conclusions 
Elastic, electronic, bonding and optical properties of WTe2 WSM were investigated 
via first-principles technique. All the computed properties of WTe2 were compared and 
contrasted with those of MoTe2 WSM in the isostructural orthorhombic Td phase. Similar to 
MoTe2, WTe2 is an elastically anisotropic compound brittle in nature. The polycrystalline 
elastic moduli of WTe2 WSM are slightly lower compared to those for MoTe2. The calculated 
unit cell volume of WTe2, on the other hand, is larger than the cell volume of MoTe2. Both 
these features imply that bonding strength is relatively low in WTe2. Both WTe2 and MoTe2 
WSMs possess high and comparable values of machinability index which augurs well for 
possible applications in the industrial sector. The Debye temperature of WTe2 is significantly 
lower compared to that of MoTe2. Thus the lattice thermal conductivity of WTe2 is expected 
to be lower. It also implies that the crystal lattice of WTe2 is softer in comparison to MoTe2. 
Electronic band structures of both WTe2 and MoTe2 WSMs exhibit high level of 
resemblance with semi-metallic characters and agree very well with previous experimental 
studies  [6,26,27]. Band structures of both the compounds show quasi-linear energy 
dispersion along the Z-T direction of the BZ. This implies very high mobility of electrons in 
this particular band. The electronic density of states at the Fermi level is higher in MoTe2. 
The degree of metallic conduction is expected to be higher in MoTe2 in comparison to the 
WTe2 WSM. Both the WSMs possess significant pseudogap at the EF. Such a feature implies 
that the band structure of both the materials can be engineered relatively easily to modify the 
DOS value at the Fermi level by pressure or alloying with suitable dopants. 
The bonding characters have been explored using the charge density mapping, 
Mulliken and Hirshfeld bond population analyses. Clear indications of an admixture of 
covalent and metallic bonding have been found. The directional covalent bonding results in 
the brittleness of WTe2 and MoTe2 WSMs. 
The refractive indices of both the WSMs are found to be very high in the visible 
region meaning that WTe2 and MoTe2 might be a good candidate for optical displays. The 
reflectivity spectra suggest that both WTe2 and MoTe2 compounds will be good reflecting 
materials over a wide band of energies encompassing from infrared to ultraviolet regions. The 
gross features of the recently measured experimental optical conductivity and 
reflectivity  [27,28] are in good agreement with the theoretical results presented in this study. 
Both WTe2 and MoTe2 WSMs are found to be very good absorber of ultraviolet radiation. 
The peak structures in the optical parameters are consistent with the underlying DOS profiles. 
Dielectric constants, optical absorption, and photoconductivity spectra reaffirm the metallic 
character (absence of band gap) of WTe2 and MoTe2, as found from the electronic band 
structure calculations. The loss peak appears at around the same energy (~ 16 eV) for both 
the compounds of interest. Therefore, the plasma frequencies for WTe2 and MoTe2 are 
expected to be almost identical. 
We hope that the results presented in this work will inspire both experimentalists and 
theorists to study these interesting WSMs in further details in near future. 
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